The aim of our study was to measure the flow in coronary artery bypass grafts and to compare the flow between two groups of patients. In group A the arterial revascularization was performed with both internal thoracic arteries using as a Y graft and in group B conventional revascularization using left internal thoracic artery (ITA) attached to the left anterior descending artery (LAD) and venous grafts to the other branches of the left coronary artery was performed. The flow in all grafts was measured at six time points during the operation. The cumulative flow at the end of the operation in the group A (arterial Y graft) was 51.8 ± 24.5 ml/min and in group B (conventional technique) it was 96.8 ± 41.1ml/min (p < 0.05). The flow in left ITA to LAD was similar in both groups (27.3 ± 15.9 ml/min and 26.3 ± 16.1 ml/min in group A and B). The flow in right ITA (25.2 ± 18.4ml/min) was significantly lower than in venous grafts (72.5 ± 45.5 ml/min). The calculated flow reserve was 2.2 in group A and 2.1 in group B. We found that the cumulative flow in arterial Y graft was lower in comparison with conventional revascularization. This is due to the lower flow in the right ITA branch of the Y graft compared to venous grafts. However based on clinical results, we can postulate that the flow in the Y graft is sufficient to meet the demand of the myocardium originally supplied by the left coronary artery.
INTRODUCTION
Myocardial revascularization in the left coronary artery territory using internal thoracic arteries is a well-established method based on clinical experience with excellent long-term results [1] [2] [3] . The Y graft techniques have been developed with different free arterial conduits attached to the side of in situ left internal thoracic artery (ITA) that serves as a single inflow source. The right ITA or the radial arteries are the most often used conduits. Since often more than two distal anastomoses are required, a sequential grafting technique is adopted. However, some doubts about the adequacy of the flow immediately after revascularisation may exist in such a technique. Little is also known about the competition between blood flow in the grafts and native coronary arteries.
The aim of our study was to compare the blood flow in the grafts between two groups of patients. In group A arterial revascularization with both internal thoracic arteries was performed and in group B conventional revascularization with the left ITA attached to the left anterior descending artery (LAD) and venous graft to the other branches of the left coronary artery was used. The flow reserve of the grafts was calculated.
MATERIAL AND METHODS
Over a 1-year period between September 2004 and September 2005, 123 patients with coronary artery disease having a first time coronary artery bypass grafting (CABG) were enrolled into the study. There were 105 male and 18 female, average age 59.0 ± 5.4 years (43-77 years). The patients suffered from at least two vessel diseases (both branches of left coronary artery). They were divided into two groups.
Group A consists of patients with only arterial revascularization of the left coronary artery. Both internal thoracic arteries were taken in a skeletonized fashion. The right ITA was harvested as a free graft and anastomozed end-to-side to the left ITA forming a Y graft. The graft was sprayed and wrapped in sponge soaked in diluted papaverine solution. All the branches in the left coronary territory were revascularized with this type of graft. The left ITA was used for revascularization of the anterior wall of the left ventricle and the right ITA for revascularization of the lateral wall. Since often more than two distal anastomoses were required, a sequential grafting technique was adopted
In group B the conventional revascularisation was performed with left ITA taken as a pedicle. The ITA was also sprayed and wrapped in sponge soaked in diluted papaverine solution after the harvest. It was attached to LAD during the procedure. Venous grafts bypassed the other diseased branches of the left coronary artery.
The operations were performed in cardiopulmonary bypass in mild hypothermia using crystalloid cardioplegia. The distal anastomoses were done first. After removal of the aortic clamp, the proximal anastomoses were performed on a side-biting clamp.
Graft flow was measured with the transit-time method using the CardioMed Flowmeter CM 1005 (Medi-Stim 132
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A/S, Oslo, Norway). Probes of 2, 3 or 4 mm were used in order to fit the actual size of the vessels. The measurement were taken at six time points: (1) at the beginning of the harvest of each ITA, (2) free flow at the end of the harvest of each ITA, (3) free flow immediately before distal anastomosis construction, (4) after completing all the distal anastomosis with the aortic clamp in place, (5) after removal of the aortic clamp and (6) at the end of the procedure before closing the sternum. The pulsatile index (PI), which reflects the relationship between systolic and diastolic flow, was calculated at each time point.
For each measurement an attempt was made to maintain a similar mean arterial pressure.
The results were expressed as mean values ± standard deviation. The statistical analysis was performed using an unpaired t-test and p-values of equal to or less than 0.05 were considered statistically significant. 
RESULTS
The comparison of the flow in left ITA in groups A and B is shown in Tab. 1. The flow in skeletonised ITA in group A was significantly higher than in the pedicled ITA in group B at all time points but the final flow at the end of the operation, which was 27.3 ± 15.9ml/min in group A and 26.3 ± 16.1 ml/min in group B. The PI had the tendency to higher values in group B, but statistical significance was reached only after clamp removal ( measurement No 5) .
The flow in the right ITA (group A) and venous grafts (group B) i.e. the grafts bypassing the other diseased left coronary branches are shown in Tab. 2. The flow in the venous grafts was significantly higher.
Similar results were found when total flow in all grafts was compared between both groups. The cumulative flow in the conventional technique of revascularization was 96.8 ± 41.1ml/min and it was significantly higher, than the flow of 51.8 ± 24.5 ml/min in the arterial revascularization (Tab. 3).
However, the calculated flow reserve was similar in both groups: 2.2 and 2.1 in group A and B respectively.
DISCUSSION
Early graft occlusion after CABG may have deleterious consequence. It is associated with a high risk of postoperative myocardial infarction and hemodynamic instability. Intraoperative measurement of the graft blood flow is not only a useful quality parameter for revealing technical errors but also provides important hemodynamic information that can improve our knowledge of the physiological aspects of CABG.
The measurement of the blood flow in left ITA in both groups showed higher flow in group A in measurement 1-5. This could be caused by the skeletonization technique used in this group. However, the concomitant higher values of PI indexes in group B indicate that higher peripheral vascular resistance may also play a role in these results. The reason for the higher vascular resistance is not known. One explanation could be higher flow in venous grafts in these patients causing increased flow competition with ITA graft resulting in increased PI.
The higher flow in the skeletonised ITA implies that the surgeon does not need to fear ITA spasm during gentle harvesting. This is in agreement with the finding of sympathetic denervation and increased sensitivity to sodium nitroprusside of the skeletonized ITA in vitro 4 . Nevertheless, only the flow in the graft at the end of the procedure is of real importance. This represents not only the flow capacity of the conduit and peripheral vascular resistance, but also the quality of the anastomosis and degree of competition with the native flow. The influence of all these factors on the long-term outcome should be assessed during follow-up. This flow was similar in both groups, but the absolute value was somewhat lower compared to the literature [5] [6] [7] .
In arterial revascularization the composite Y graft method has gained increasing popularity 3, 8 . It can be constructed using different arterial conduits: right ITA, radial artery, inferior epigastric artery or right gastroepiploic artery. The branches of the left coronary artery are the most often used territory for such revascularization, but all three coronary beds can be revascularized as well 9 . The flow in the Y graft is assumed to be sufficient to meet the requirement of the heart during exertion 8 . The arterial conduit flow reserve was calculated by dividing the maximum potential flow by the actual flow at the end of the operation. This was found to be 2.2, which is in agreement with the literature [9] [10] [11] . Gaudino reported a similar result, even if the calculation was made after dobutamine injection 8 . This indicates that there is a considerable reserve allowing for increased flow during times of increased requirements, such as exercise 11 . Tagusari also showed good early adaptation of the left ITA based on the angiographic measurement of the diameter of left ITA before and after operation 12 .
There is a dearth of information comparing the flow between arteries and veins to the same vascular territory. Our results showed significantly higher flow in venous grafts compared to right ITA to the lateral wall of the left ventricle. Hassanein published a 35% increase in flow to LAD comparing left ITA to venous graft, but no difference was found in the revascularization of the obtuse marginal artery 7 . By contrast Leong showed no difference in bypass flow to LAD in ITA compared to venous graft 13 . In our study we found the cumulative flow in arterial Y graft significantly lower in comparison to conventional revascularization combining left ITA to LAD and venous grafts to the other left coronary artery branches. This is due to the lower flow in the right ITA branch of the Y graft compared to venous grafts. The flow in the left ITA anastomozed to LAD was not different. All our patients suffered from stable angina and were operated according to an elective schedule. We failed to find any signs of hypoperfusion preoperatively. Therefore we can postulate that the flow in the Y graft is sufficient to meet the demand of the myocardium supplied by left coronary artery in such a group of patients. However, it needs to be proved, if the arterial Y graft is sufficient to provide adequate flow also in the situations connected with increased demands (unstable angina, ongoing myocardial infarction, etc.). In the meantime the use of venous grafts in such a situation owing to their higher flow may be more reliable.
